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Complex Segregation Analysis Provides Compelling Evidence for a Major
Gene Underlying Obsessive-Compulsive Disorder and for Heterogeneity
by Sex
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Evidence from twin and family studies supports a genetic etiology for obsessive-compulsive disorder (OCD). The
purpose of this study was to test whether a major gene is implicated in a proportion of families with OCD. Complex
segregation analyses of 153 families (80 case and 73 control), ascertained in the Johns Hopkins OCD Family Study,
provided strong evidence for a major gene. A Mendelian-dominant model, with significant sex effects and with
residual familial effects, best explained the observed data. Stratification of the sample by the sex of probands
provided further evidence of heterogeneity with respect to familial aggregation. Segregation analyses of 86 families
with a female proband and of the 67 families with a male proband suggested that a Mendelian-dominant model
with familial residual effects was the most parsimonious model explaining the inheritance of OCD in both subgroups.

Obsessive-compulsive disorder (OCD [MIM 164230]) is
a psychiatric disorder affecting 1%–3% of the popula-
tion (Samuels and Nestadt 1997). There is substantial
evidence that it is a genetic condition. Twin studies have
shown substantial concordance among MZ (70%–80%)
compared with DZ twin pairs (22%–47%) (Inouye
1965; Carey and Gottesman 1981). Recent family stud-
ies found a significant increase in the risk of the disorder
in relatives of affected probands compared with relatives
of controls (Pauls et al. 1995; Nestadt et al. 2000).

The mode of inheritance of OCD has been investigated
by means of segregation analysis in three studies. Evi-
dence of a gene of major effect was found in two studies
(Nicolini et al. 1991; Cavallini et al. 1999); however, a
more precise pattern of inheritance could not be estab-
lished. Alsobrook et al. (1999) studied inheritance pat-
terns in a sample of families with OCD, using symptom-
based factor scores. In a subset of families with higher
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scores on a specific symptoms factor—symmetry and
ordering—the polygenic model was rejected, which sug-
gests the existence of a major locus.

To further explore the mode of inheritance of OCD
in the U.S. population, we ascertained 80 case families
(423 subjects, including probands and their first-degree
relatives), and 73 control families (373 subjects, includ-
ing probands and their first-degree relatives). Sample as-
certainment and diagnostic procedures have been de-
scribed elsewhere (Nestadt et al. 2000). In brief, 80 adult
probands with OCD who meet strict DSM-IV (Ameri-
can Psychiatric Association 1994) criteria for OCD were
recruited from five specialty OCD treatment centers in
the Baltimore/Washington, DC, area. Control probands
were ascertained through a random-digit–dialing pro-
cedure and were matched to case probands on sex, race,
and age. Probands were excluded from the study if they
were diagnosed with schizophrenia, mental retardation,
dementia, or Tourette disorder or if OCD occurred ex-
clusively during a major depressive episode.

After informed consent was obtained, a semistruc-
tured interview was conducted by a clinician blinded to
the subjects’ proband status and to whether they were
from a case or control family. The primary diagnostic
instrument was the Schedule for Affective Disorders and
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Schizophrenia-Life Time Anxiety (SADS-LA) (Man-
nuzza et al. 1986). Children aged 8–15 years were eval-
uated using the Kiddie Schedule for Affective Disorders
and Schizophrenia (K-SADS [Kaufman et al. 1997]). In
addition to information from the direct interview, fam-
ily-informant interviews were conducted for diagnostic
purposes. All this information, as well as all available
hospital records, was made available to two psychia-
trists, each of whom independently reviewed the mate-
rials and together arrived at a consensus diagnosis under
strict DSM-IV criteria.

There were more males in the case families than in
the control families (51% vs. 44%; ); the mem-P p .046
bers of case families were slightly older at the time of
interview (mean 45.9 years vs. 43.3 years; );P p .038
and, if affected, they had an earlier age at onset (mean
11.8 years vs. 17.8 years; ). As would be ex-P p .06
pected, the prevalence of definite OCD was significantly
greater among case families than among control families
(29.1% vs. 2.1%; ).P ! .00001

In the 80 case families, males and females did not
differ significantly with respect to the proportion diag-
nosed with OCD (29.5% vs. 26.4%; ), theirP p .48
mean age at interview (∼46 years), or their mean age at
onset of OCD (∼12 years). Subjects ascertained through
either a male or a female proband had similar mean age
at interview (∼45 years), age at OCD onset (∼12 years),
and proportion diagnosed with OCD (∼16%).

Complex segregation analysis was performed using
the program REGD, as implemented in the S.A.G.E.
package (version 3.1) (1997). This program uses re-
gressive logistic models (Bonney 1986) to test for the
presence of a major susceptibility locus, residual corre-
lations in risk among related individuals, and the effect
of measured risk factors. In this approach, a regression
relationship is formulated such that the phenotype of a
person is dependent on an unobserved “type” and other
measured covariates. The concept of “type” (Go et al.
1978) was used to describe the discrete factors that affect
an individual’s phenotype when testing genetic hypoth-
eses. In the current analysis, these types were modeled
so that they were dependent on the types of preceding
relatives; therefore, likelihood-based tests of significance
could be constructed to evaluate the role of underlying
genetic factors. The regressive model (class A) was for-
mulated as follows:

P(affected)
Log p b � d (spouse affected)i sp1 � P(affected)

� d (parents affected)po

� y(covariates) ,

where P(affected) is the risk of having the OCD phe-

notype; bi is the baseline risk for three types; dsp and dpo

represent, respectively, the residual effects of having an
affected spouse and an affected parent; and y indicates
the risk explained by the other observed risk factors
(covariates). Single-ascertainment correction was ap-
plied (Cannings and Thompson 1977).

The following series of competing models was tested:
a sporadic model; Mendelian models including domi-
nant, recessive, and codominant; and an environmental
model. The likelihood of a general unrestricted model
was calculated and compared with the specified reduced
models, with one or more relevant parameters restricted.
To test hypotheses regarding specific models of inheri-
tance, �2lnL of the general model was subtracted from
�2lnL of the reduced model of interest. This difference
is distributed asymptotically as a x2 with n–k df, with
n and k being, respectively, the number of parameters
estimated in the general model and in the reduced model.

The most parsimonious model, with a log-likelihood
not significantly different from the most general mod-
el, was identified using Akaike’s Information Criteria
(AIC) (Akaike 1974), which is defined as AIC p �2(ln
likelihood) � 2(no. of parameters).

This AIC serves as a weighted measure of the fit of
any given model. It could also serve as a guide for the
best-fitting model when two models are not nested in
their parameter space.

Table 1 presents the estimated parameters for six mod-
els of inheritance fit to the entire sample of 153 families
(composed of 80 case families and 73 control families).
Comparisons of all the restricted models with the most
general model (model 6) showed that neither the Men-
delian dominant model (model 2) ( 2x p 6.61, P p5

) nor the Mendelian codominant model (model 4).25
( ) could be rejected on the basis of2x p 6.76, P p .083

the likelihood ratio test (LRT). The Mendelian recessive
model (model 3) was rejected ( ).2x p 13.75, P p .0175

All models omitting residual familial effects (sporadic,
dominant, recessive, and codominant models) were re-
jected ( for each model). This suggested that, inP ! .001
addition to the major locus, unexplained familial effects
had an important role in the expression of the OCD
phenotype. The sporadic model (model 1) and the en-
vironmental model (model 5) were strongly rejected
( ). Comparing the AIC scores for models 2 andP ! .0001
4 indicated that the Mendelian dominant model (model
2) was the most parsimonious explanation for the in-
heritance of OCD in the total sample. However, the LRT,
comparing dominant and codominant models, was not
significant.

Estimates from model 1 indicated that 0.2% of sub-
jects were homozygous for the high-risk genotype (AA),
8.6% were heterozygous carriers (AB), and 91.2% had
the low-risk genotype (BB). The sex-specific genetic pen-
etrance was 86.7% for females and 78.5% for males,
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in the combined group of high-risk individuals (8.8%).
This finding is consistent with that reported by Cavallini
et al. (1999). Subjects who had a spouse with OCD had
a 5.2-fold increased risk of OCD, compared with those
who did not have a spouse with OCD, after the correc-
tion for the major-gene effect.

The combined penetrance for female subjects with af-
fected spouses and high-risk genotypes (AA or AB) was
97.1%. The penetrance for female subjects with high-
risk genotypes (AA or AB) and an affected parent was
60.9%. The penetrances for male subjects under the
same conditions were 94.9% and 46.5%, respectively.

To test for heterogeneity between families ascertained
through male and female probands, we compared the
86 families selected through a female proband and the
67 selected through a male proband. A heterogeneity x2

test (Williams and Anderson 1984; Khoury et al. 1993)
compared the sum of �2lnL of a particular model, com-
puted on the subsets, with the �2lnL computed on the
total 153 families. This statistic is computed as follows:
x2 p �2 [SlnL(best-fitted model/subgroup i) � lnL(best-
fitted model/all family data)], where S is the sum over
all i subgroups. This statistic approximates a x2 with df
equal to [(I*K) � K] for ip1, 2,…,I subgroups and a
model with K parameters.

The best-fitting model (model 2 in table 1) was eval-
uated separately in these two subgroups. The �2lnL was
320.95 for the 86 families with a female proband and
261.69 for the 67 families with a male proband. The
difference between the 2lnL of model 2 and the sum of
the �2lnL for the two groups yielded an LRT p 49.18
(heterogeneity x2 with 7 df [ ]). This indicatedP ! .0001
strong evidence for etiologic heterogeneity between fam-
ilies ascertained through female probands and male
probands.

The evidence for heterogeneity between families as-
certained through female and male probands motivated
us to perform separate segregation analyses of the 86
families with a female proband and of the 67 families
with a male proband. In the analysis of the families with
a female proband, the results of all models were very
similar to those in the total sample. Both the sporadic
and the environmental models were strongly rejected.
Among the three Mendelian models, the recessive mod-
el was rejected ( ), but neither the dominantP p .015
model nor the codominant model could be rejected. On
the basis of the AIC (334.95 vs. 338.93), the dominant
model provided a more parsimonious fit than the co-
dominant model. Focusing on the best-fitting dominant
model, the baseline risk of the high-risk genotypes (AA
and AB) for females increased from 6.54 to 24.5,
whereas the risk for males remained ∼3.7.

In the segregation analysis of the 67 families with a
male proband, the sporadic and the environmental mod-
els were strongly rejected. However, we could not dif-

ferentiate between the three Mendelian models because
each fit as well as the general model. It was also difficult
to choose between these models, using the AIC (the dom-
inant model had an AIC of 275.7, the recessive an AIC
of 276.8, and the codominant an AIC of 278.1). It was
clear that this subgroup of families was compatible with
a Mendelian major-locus model, but the details of the
model were less evident.

The results from the total sample and the stratified
subgroups were consistent with Mendelian inheritance
of a dominant allele leading to a high risk of having
OCD. However, given the sample size of this study, we
could not rule out a codominant model.

In other studies (Nicolini et al. 1991; Cavallini et al.
1999), a major-gene effect was supported, but all dom-
inant, additive, or recessive models could not be reject-
ed. Our results, based on a relatively large, well-char-
acterized sample, with only OCD as the affected phe-
notype, provide stronger evidence for an autosomal
dominant or a codominant pattern of inheritance. An-
other strength of this study is that the sample included
both case and control families; thus, the estimated dis-
ease frequencies and penetrances from this study are
likely to be less biased.

The evidence of genetic heterogeneity on the basis of
sex of the proband may suggest different genetic/envi-
ronmental exposures in at least a proportion of families
with OCD. Interestingly, this finding corresponds with
reports in the literature that there is a slight preponder-
ance of females with OCD (Karno et al. 1991). Another
sex difference is earlier age at onset in males (Lensi et
al. 1996; Nestadt et al. 1998). Additionally, obsessive-
compulsive personality disorder, often considered related
to OCD, tends to be more common among males (Nes-
tadt et al. 1991). The sample size, in this study, limits
our ability to address this issue further.

Only strict DSM-IV OCD was included in this study.
Other disorders, if genetically related, may constitute
alternate phenotypic expressions of the same underlying
gene(s). These disorders include subsyndromal OCD
symptoms (Nestadt et al. 2000), Tourette and other tic
disorders (Pauls et al. 1986), eating disorders (Cavallini
et al. 2000), obsessive-compulsive personality disorder
(Samuels et al., 2000), body dysmorphic disorder (Bien-
venu et al., 2000), and anxiety disorders (Nestadt et al.,
in press). Including these conditions as affected pheno-
types could further strengthen the findings and may pro-
vide an explanation for the sex differences reported. For
instance, Cavallini et al. (2000) reported that when they
included OCD as the affected phenotype they found ev-
idence of a Mendelian mode of inheritance in a family
study of probands with eating disorders.

Results of the present study also showed that, in ad-
dition to the major-locus effect, it appears that there is
a residual effect of an affected spouse. This effect may
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indicate some degree of assortative mating, which is not
elsewhere described in individuals with OCD.

In conclusion, the results strongly support a Men-
delian dominant or codominant susceptibility gene for
OCD, acting in a proportion of families. Nevertheless,
Mendelian factors alone are not sufficient to fully ex-
plain the familial aggregation of this phenotype, and
residual familial effects are necessary to adequately fit
the data. This suggests that polygenic factors may also
contribute to the etiology of OCD. Parameters derived
from this study may facilitate future linkage studies.
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